Stopped-flow kinetic analysis for monitoring superoxide decay in aqueous systems.
We have utilized a commercially available, computer-driven stopped-flow spectrophotometer to rapidly measure the self-dismutation or catalyzed decay of superoxide in aqueous buffers. In the self-dismutation assay, a dimethyl sulfoxide solution of superoxide is mixed in less than 2 ms with an aqueous buffer. The decay of superoxide is monitored directly by its absorbance at 245 nm and the data is processed by computer. By careful purification of the water and the use of metal-free buffers, a decay of superoxide that fits second-order kinetics is obtained without using metal ion chelators in the buffer. The second-order rate constant for superoxide decreased with increasing pH and decreased by a factor of 3.3 by using D2O in place of H2O in the buffer. The rapid mixing time makes it possible to determine rate constants for active superoxide dismutase catalysts at a pH as low as 7. A first-order decay of superoxide is obtained when the aqueous buffer contains bovine Cu/Zn superoxide dismutase or aquo copper(II), which are known catalysts of superoxide dismutation. The rate of superoxide decay was established to be first-order in catalyst. The catalytic rate constant for bovine Cu/Zn superoxide dismutase was determined to be 2.3 x 10(9) M-1 s-1 in H2O and D2O-based buffers and was independent of pH over the range 7-9. Aquo copper(II) gave a catalytic rate constant of 1.2 x 10(8) M-1 s-1, but was ineffective in the presence of EDTA. The catalytic rate constants obtained by stopped-flow kinetics are in excellent agreement with studies carried out by the direct method of pulse radiolysis.